ABSTRACT: Introduction: Because impaired excitationcontraction coupling and reduced sarcoplasmic reticulum (SR) Ca 21 release may contribute to the age-associated decline in skeletal muscle strength, we investigated the effect of aging on regulation of the skeletal muscle isoform of the ryanodine receptor (RyR1) by physiological channel ligands. Methods: [ 3
muscle mass and contractile force, particularly in type II fibers. 1, 2 Although the loss of mass contributes to decreased force production, incomplete contractile activation, 1 possibly resulting from excitation-contraction coupling (ECC) dysfunction, might contribute.
ECC begins with the spread of the action potential over the sarcolemma and into the depths of the transverse tubules. Depolarization of the transverse tubules induces a conformational change in the dihydropyridine receptors, which opens physically coupled sarcoplasmic reticulum (SR) Ca 21 release channels/ryanodine receptors (RyR1) and initiates SR Ca 21 efflux. The reduced SR Ca 21 release in aged muscle in response to either physiological 3 or pharmacological 4, 5 triggers suggests aged RyR respond inadequately to regulatory signals.
In vitro, RyR1 exhibits a biphasic Ca 21 dependence, opening in submicromolar Ca 21 and closing in micromolar Ca 21 . ) and extensor digitorum longus (EDL; 4% type I, 96% type II MHC 9 ) muscles of 6 animals were pooled for each membrane preparation. In 3 preparations, an animal was omitted because of tumor or overt disease. Muscles were homogenized in ice-cold 100 mM NaCl and 5 mM tris(hydroxymethyl)aminomethane (Tris) pH 6.8 with protease inhibitors and centrifuged at 2,600g for 30 min at 48C. Filtered supernatant was centrifuged at 15,000g for 30 min at 48C. Pellets were suspended in 300 mM sucrose, 100 mM KCl, and 5 mM Tris pH 6.8 and stored at 2808C. 12 Each assay run consisted of a randomly chosen, unblinded young sample paired with a similarly chosen old sample. Each sample was assayed in duplicate and averaged. The number of samples assayed is reported in the figure legends. Unequal numbers of observations were the result of limiting amounts of sample.
CaM Expression and Purification. Rat CaM cDNA in a pET-7 vector was expressed in Escherichia coli and purified, as previously described.
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Statistical Analysis. Ca 21 dependence of ryanodine binding was fit with eq (1) that assumes a high affinity Ca 21 Animal and Muscle Characteristics. Body and muscle weights are presented in Supporting Information Table 2 . EDL and soleus muscles of old animals weighed approximately 20% and 26% less, respectively, than those of their young counterparts. Elderly animals exhibited significant skeletal muscle atrophy and cardiac hypertrophy.
DISCUSSION
This study is in agreement with previous work in that we found atrophy 1,2,13 and altered RyR responsiveness [14] [15] [16] in aged skeletal muscle. Although the atrophy was similar in EDL and soleus, only RyR from aged EDL differed from their young counterparts. RyR from these muscles had a reduced maximal Ca 21 activation that may contribute to depressed SR Ca 21 release in aged skeletal muscle.
Russ et al. 4, 5 reported that reduced 4-chloro-mcresol induced Ca 21 release from SR of aged fast, but not slow, rat muscle. Although lower SR Ca 21 load in aged muscle may contribute to reduced release, the results of the current work provide evidence for a role for altered RyR activation.
Damiani et al. 16 also examined regulation of RyR from old animals. In contrast to the current work, they reported an increased Ca 21 sensitivity of activation but no change in the extent of activation. The disparate results may be because of different strains of rats (Wister), ages (50% mortality), and muscles (tibialis anterior).
The role of RyR Ca 21 activation in vivo is unclear, 17, 18 Although aged RyR may respond normally to CaM, CaM is subject to modification, and oxidized CaM has been isolated from tissues of old animals. 26 We previously reported that CaM oxidation reduced the efficacy of RyR1 regulation, regardless of Ca 21 concentration.
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These results are consistent with a greater impact of aging on fast-twitch muscles. In humans, muscle atrophy is attributed to a reduced fiber number and size, particularly type II fibers. 2 At the single fiber level, atrophy in the rat EDL is greater than in the soleus. 27 ECC also appears to be differentially affected, with the EDL exhibiting a greater increase in resting Ca 21 , 27 a greater decrease in RyR content, 3 and impaired RyR function (Figs. (1  and 2) ).
